Helicobacter spp. occur in the digestive system of a broad range of animal taxa, including marine mammals. Only one formally recognized species, Helicobacter cetorum, has been described in marine mammals. Helicobacter has not been reported in the Atlantic spotted dolphin (Stenella frontalis). The purpose of our study was to examine the digestive tract of a stranded spotted dolphin for Helicobacter. Tissue and content samples were collected at necropsy and examined by histopathology and molecular analyses using Helicobacter genus-specific 16S rDNA polymerase chain reaction (PCR) and DNA sequencing. Helicobacter was detected in all stomach divisions and the duodenal ampulla. A sequence type of the 16S rRNA gene shared a 98-99% identity to sequences from H. cetorum. This study reports for the first time Helicobacter in S. frontalis.
Species of the genus Helicobacter have been identified in the digestive system of a broad range of animal taxa, including marine mammals. Only one formally recognized species, Helicobacter cetorum, has been described in these marine mammals (Harper et al., 2002 ). Several species, including H. cetorum, have been reported to occur in association with conditions of gastrointestinal disease and may infect more than one host species (Harper et al., 2003a, b) . Helicobacter cetorum has been previously detected in stomach, feces, dental plaque, and gastric fluid of many marine mammals, including dolphins (Tursiops spp., Lagenorhynchus acutus, L. obliquidens, Delphinus delphis), beluga whales (Delphinapterus leucas), and seals (Phoca groenlandica, Arctocephalus spp.; Harper et al., 2000 Harper et al., , 2003a Goldman et al., 2002 Goldman et al., , 2009 . The aim of our study was to examine the digestive tract of an Atlantic spotted dolphin (Stenella frontalis) stranded on the Caribbean coast of Venezuela for Helicobacter.
Digestive tract samples of a wild S. frontalis, stranded alive on the Caribbean coast of Venezuela (10u45959.10N, 68u19925.50W) were collected at necropsy in May 2006, and carcass preservation was code 2 (fresh), according to the Geraci and Lounsbury (2005) classification. Tissue and content samples of the digestive tract: esophagus, three divisions of the stomach (upper and lower nonglandular forestomach, glandular main, and upper and lower pyloric), and three regions of the intestine (duodenal ampulla, upper intestine, and lower intestine) were evaluated by histopathology and molecular analyses using Helicobacter genus-specific 16S rDNA polymerase chain reaction (PCR) and DNA sequencing.
For histopathology, tissue samples were fixed in 4% neutral-buffered formalin, routinely embedded in paraffin, sectioned at 4 mm, and stained with hematoxylineosin and Gomori's trichrome. Stained sections were observed under a Nikon E600 light microscope (Nippon Kogahu KK, Tokyo, Japan). Images were obtained with a Nikon Coolpix 8000 digital camera.
In molecular analyses, DNA was extracted from 50 mg to 100 mg of tissue and content samples using minicolumns (QIAamp DNA Mini Kit, Qiagen, Valencia, California, USA). Helicobacter DNA was detected using genus-specific primers (HeliF: 59-AACGATGAAGCTTCTAGC TTGCTAG-39 and HeliR: 59-GTGCTT ATTCSTIAGATACCGTCAT-39), targeting a 399-base pair (bp) fragment of the 16S rRNA gene (Germani et al., 1997) . Additionally, the presence of Helicobacter pylori was examined using specific primers that amplify fragments of the glmM gene (Kansau et al., 1996) and the cagA gene (Rugge et al., 1999) , according to Contreras et al. (2007) .
Amplicons (399 bp) obtained from the three divisions of the stomach tissue DNA, using the Helicobacter genus-specific PCR assay (Germani et al., 1997) , were purified for sequencing using the CONCERT TM Rapid PCR Purification System kit (Gibco-Invitrogen, Gaithersburg, Maryland, USA), according to the manufacturer's recommendations. Additionally, 16S rRNA genes from two tissue samples (forestomach and main stomach) were amplified by nested PCR. The first set used external universal primers (8F 59-AGAGTTTGATCCTGGCTCAG-39 and 1525R 59-AAGGAGGTGATCCAGCC-39), and the second PCR used two internal primers, one Helicobacter genus-specific (HeliF 59-AACGATGAAGCTTCTAGC-TTGCTAG-39) and the other targeting the epsilon branch of proteobacteria (EpsilR 59-TATTCACCGYRRCATGGC-TGATYYR-39; Germani et al., 1997) , yielding 1,288-bp amplicons. Nested PCR was performed as described previously (Contreras et al., 2007) . Sequence similarity comparisons were carried out using the BLAST algorithm of the National Center for Biotechnology Information (www.ncbi.nlm.nih.gov). The 16S rRNA gene sequence of forestomach (F1) and main stomach (M1) tissues were deposited in GenBank under the accession numbers FJ390393 and FJ390392, respectively. Sequences, together with their closest GenBank matches and chimera check, were performed in the greengenes website (http://greengenes.lbl.gov) using a multiple sequence alignment server (DeSantis et al., 2006a, b) . The phylogenetic tree was constructed using the neighbor-joining method and the Jukes-Cantor model provided in Molecular Evolutionary Genetics Analysis 2.1 software (MEGA, version 4.0; Tamura et al., 2007) , and the bootstrap analysis was 1,000 replications.
Macroscopic signs of lesions were visualized in the duodenal ampulla with an abnormal reddened appearance suggesting inflammation. Histopathologic alterations, including ulcerations, necrotized mucosa, and leukocytes infiltration, were found in the glandular main and the lower pyloric stomach (Fig. 1) . All stomach divisions and the reddened duodenal ampulla were positive for Helicobacter by PCR. The presence of Helicobacter in the glandular main and the lower pyloric stomach could be associated with inflammation in these tissues, but more studies are needed to determine the potential cause of the inflammatory lesions.
The cagA and glmM genes were not detected in any digestive tract samples (data not shown). The cagA and glmM genes are between the most important virulence factors of H. pylori and have not been found in Helicobacter other than this species (Xiang et al., 1995; De Reuse et al., 1997 ). The negative results indicated H. pylori was not present in the digestive tract of this dolphin.
All 16S rRNA gene sequences (260-327 bp) obtained from the three divisions of the stomach showed 99-100% homology to the genus Helicobacter 16S rRNA gene sequence. In addition, large fragments of the 16S rRNA gene (832-1,222 bp) from F1 (FJ390393) and M1 (FJ390392) were amplified and sequenced, and both shared 98-99% identity with sequences of H. cetorum 16S rRNA gene (AF455130, AY143175, AF292378). Following sequencing, the aligned data were used to construct a phylogenetic tree also containing other published Helicobacter 16 rDNA sequences (Fig. 2) . These results indicate that these sequences identified in the Atlantic spotted dolphin are closely related to H. cetorum. Our sequences are in agreement with those reported in previous studies on other dolphin species from the North Atlantic coast (Harper et al., 2000 (Harper et al., , 2002 . Additionally, the contents of esophagus and intestine were positive to Helicobacter, but the tissues were not.
In conclusion, to our knowledge, this study reports for the first time a Helicobacter sp. in a wild, stranded S. frontalis, suggesting a broad host range of the genus Helicobacter in marine mammals.
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